TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Applications Nos. 11-125746, 
filed May 6, 1999, and 2000-130412, filed April 28, 2000, and the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

mos h7i/i?*?*m^%*mftMm®&mm^&\<^x, z<Dy-*wm/ 

111 1 4 RXfm 1 5 £#f§ tt«Ox u-<-t- ^ y K V — 7/ K W VflKSSr 
WtSMOS h7lsi/X?<DMj$.%m&t&W'fZ> 0 Hi 4£tfE]l 514, MOS 

tt<fc^ifo*ifejcj;»)^ f - hBMUR (s i o 2 ) io 2&j«u ^±t^ fltf 
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^ (Hi4A). ?-hmtmi 0 2mm£ft±m®uK<D<f-hmik 

Il0 2^x ; yf>^*t5„ Its CVD (Chemical Vapour Deposition) 

f£mtm$:'&vm^^xfrb. M&&isv-=>>v&i o 5^5 0 nma^mttiLfc:^ 

*M^±^51^{^S$-y:5 (IU14B.) c -<^^#, y-hm^l0 3(C 

V^ 0 51^^ftLfc^ B B B v-y =>JK1 0 5^lt#oy (BF 2 

) ^if©pi»106?rl0keV, 5X 1 0 15 cm- 2 ^frT'>ftyft 
A-f-£> (Hi 5 A) 0 ^tt, RTA (Rapid thermal annealing) \Z£<9 8 0 

o°c, i o#^ma!)«^otr©^»^st$^ 

07WKWy|«l 0 8ir^?)p^MWti:^^^i-2) (01 5B) 

o 

«fiiaoTM| B ->!J =^BI©Je$S:«F*>±tf, 51^ft^rfTt>^V^^ 

, #3feft->y =^<B38ftfijt*^rifc£ ttli, W3- 1 4 9 1 2 7#^F. M 
ieno et a 1 , Journal of Electrochemica 
1 Society vol. 134, p. 2862 (1 9 8 7) ft 

BRIEF SUMMARY OF THE INVENTION 
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# & 5 r. t & g w t -r a o 
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. mtzmmztit-yy ^>mmm^m,m^m-r^T.mxh^x-h^\ mm*> 
y =*>mmm\zc o s i 2 ^^^^xmm.it\,xh^\ mm?- hm 
m(DMmizmmmmzmi&TZTm&^mzz£?^Lxh^\ mmm<t 

'>V=iymi$s 0i¥^O. 1M1 OnmtfcoTt><t^o mm?/^^? 

t«tv\ mm? 2*%^i- zmnfemn, ^w^^iDMi^fflt 

o 

hmm*M}&-fz>j:uk, mm?- bwme&&. mm^y^ 
-*-?>x*i£, mm?- Ynm*^*? t u wiaiftfk^y a^ntRifawBft^ 

SliT-fcottiv^c fulfil- h«ffi©fflfJffiJc:flyg|fe|»»^^jEfti-<5XS*35 
*»W©¥*f«g1ira:, ^y=^»Sfii, iulE^ttS&^BX 



4 



stifc^y m^>v 3^KRtfatnBJ»«BtTO'>y 

^vw =. ? a c^^*^ 2 o ^%^±-cfe o Ttiv\ nway/w 

= ^ASr^*i-5*«ffiK»4, y/w=^A^tiii s Ift-ei x i o 16 c 

mmm vftm^tts mo s §y h 9 ^v 5 * * ©y-^w k w ^J^^-a t* 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and obtained by 
means of the instrumentalities and combinations 
particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
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The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 

@ia^j:i;@ib ft, tHw, *3m<D**qmtit<o% i <Dmmm<Dm 
H4A*3j;OT4B(^ (a) Rufe&m (b) <D*mttmmz&rt 

1511 ^^sm^©MO b7 lc*5tt5 LtvMfimEE 

(Vth) W>r- hft^^^-r^ttUlo 

mx.mmmm D 

Hi 2A*3«£Uqg]l 2B(t ^ft^'H, «P^<7)^ig^g^^3 0^W!J 
01 3 fit, *3BMO^fl:3SilO»3W|IJ6«!l©»3fixaWrBBBI. 



o 
o 

DETAILED DESCRIPTION OF THE INVENTION 

S1\ i 1 AJJSi 7 L tl 1 ©IWJ^Iii^tS. C©H»jT'tt, 

*mftmn<o&m&JMiztertz>mmm. B4a*5J;t/bi4bbu 

tvMMEE (V t h) h«tt#i*S:^«H*a, E)6tt % ->!J=y|i©^ 

<D£g£7Jft<7X K^yf7"n7 7^/Htfc5 0 

«fcO¥*IWt3¥i6Kfif »c J: <9 , (10 0) BB*rffi^i-a n U =» ^ 

¥*#S*Sl l±te, £^#8i*fegUI* (U^iH*) &J&£LT3imW«fcBML 
fcm. MWkK (Si0 2 ) > R96 0 n m©7y K-7 , ©^i*'>!l = y 
^£HiM^1-<5o Kj&tt^^-^y^-^^ (R I E ; Reactive Ion E 

tching) m\z£<9^ h*6«ffl<DiWkK, ^VD^yi^^y^L 
ty-f^bJI (S i 0 2 ) l 3. ^'-Mii 4 &^H«gtteJSj£i-<5 (Ell 
A) 0 jfcu:, ^^-r^a ^mm<Dtc^, tf-hWMl 4&^*t k^X 
BF 2 !r5 k e V-Cl X 1 0 14 cm- 2 ^#X*-ftyftAU O^T\ R T A (R 
apid Thermal Annealing) 0 8 0 0°C, 1 0 #>©U&#!!Jg$:?TV\ -ttUlJ: 9 
, 1 Affile, gg^tfSO. 1 //mSt®x^f^3> (Ex t e 

n's i on) 5XhZ> p ^ttttftfeftltt 1 5 &ffM1-<5„ Z<D=.f *t 
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>^a>iSmti. i^^3 0~5 0nmgl^lit'fc5o Z<D'& S ^J¥2 0n 
m<7»y =*>Wt<tBk (S i 0 2 ) > Onm<D^V = >WkJBk (S i 3N4) 

zcvDmz£<9mft.Mm^tc'&, r.tte>vy =^BMk* (sio 2 )\ ^y=> 

^$<fc«l (Si 3 N 4 ) *R I ElCfct^y^yLT, y-h«ffil4 0>«*± 
£&IHfcllSI«r#JI*i-a (BIB) o 

K-^>IJ s^/W^^BIl 8$rS^ftf^i9l$-&S (0 2 A) o -rTii 
mWtfXt LTfflV\ y T# * £ LT*^£^TjaE;tt 2 T o r r , 7 50 

^>y =^yW=:T>^lK(Z>jp$^ 10-100 nmG9tSB# i ^it#H"'5- £ 

3 0 n m~ 5 0 n m flying? * UV\ 

ny^v^^ll 8±fdglJ¥4 OnmWTyK-^!) 

1 9 %m#imz-mm£ j £z> 0 ^©Rifc^tt, ^Ti-efcse/y^y^v 

§H*>a*i:fcofc 0 ^rt?3SB^fifeftl4, ^pd->7^ t^O^tf * £ 

SfcU E*50To r r, 8 5 0t©*#-CtTofc (HI 2 B) „ :©V!j3yR 
tt, 4 0nmi;T, t < \Z.2 0 n mJ£JlT##?* L < , r^HKBW^tt, WffiBS' 
1 8 t '>V =»>Bll 9(75 h — ^/ls0Jg$£S5 0 nmCUV^. 

BF 2 £l0keV, 5 X 1 0 15 c m^O^NtVttAU, OV^ 
"C\ RTAtdJ; (9 8 0 0°C, 1 0#«1^ItoT, y-^««2 1, KW 
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£<b(C N ^mfcMtill liBt^y^ V y»iot, Co^20nm, 
$ MC^<7)±{£T i NJH£ 3 0 n m±[£a£it:5o 1 1 £ 5 0 

y = >i i 9 igf£? it c o s i 5. TiNiRt;*K^ 

0^J&£K5 (03) c 

^h7^^0t^^ffi (Vth) (V) T'fc 1 ^ ^^7^^^- 
h* (Mm) ^LT^So LT, tfc^JTii, y— hft^O. 2/nntli 
jgL< L#lMII (Vth) «TLtl^. rtU*. t£3feW££©SaSfllfc"C|p] 

JdOV^-C. S IMS (Secondary Ion Mass Spectroscopy) CictK-^Vb 
07 , D7 7-f^l'<fc^ U^m^^irm4 B td< b^X, m4A (*?£W 

) \z7fk-rxo^. v 1/tf-hmx.bti. ^i$©s<^oti^ci^ 
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^(COVNT^L^^\ (P) *?$tm (As) ^K-^hium^n 

-f^o ±fEH»!|-m, (10 0) !B*tt«r^ri-SHi*t4^i; 

S«Srffi^TV»Sd s , (110) fc^te (ill) ffi^ffi*^Ti-*Jiitt*5/y 

S i G e «*j OG e 0 %~ 1 0 0 % t LT, S i G e Bgff£- lOnm, *sV 

= ^tgOBDSEfc 4 0 n m <t LfcfH*#itSr^jEft U !> = ^fflSW&filSUfc Xlt<D 
HC'ftyaALfc K— h (*n» ©li^It^7 c D 7 T-f^Srgi^fco 

m 6 9 ©lEffil&g ( c m"2) <9 , v/jja 

>^U-7=«7^ (SiGe) il8^GeM (JKWo) Sr^toLTV^. HI 

7<DMmz, ¥##g&i lMv^y ^^>7^^ii 9 



10 



(jjfoy) Ojift (cm -3 ) £^frU $t$4te, v/!J3yI19i 
S£>fe2NI#£till l^f6]Ogg$ (nm) £3E:bLT^5 0 06(a^ Gel 

g# 1 5 %ffcm^i*m&®&tm-?gxmfflmsxT'ehz>, g e i^a* 1 5 o /o 

t>fr% 0 ttlb(DUmt1-fj:t>-h. 2 0%£Lt<£>G eltWv'!) n^y/w^«> 

^i££&5^i£^L-0^o ^ (Dmmxit'sV =» ^rVw~£AMl 8 

WJI ^ 1 0 n m i: 1 1 i^W^l^^ Ufc^\ r<E>ff £ttJ: «Ji*V>4§£\ t> b 
<Wl^tfcot'bi^^\ Uyt»-&OBI«(7>||*i»b, Gel 

u =1^1 9 (DVN-r ttt t > v-^xm&^t^&ttmm i^tztK mm^y 

mos h7>^^«y-«/KWy«^ 
m^tc-r^m^^^ufc^. w^(cpsb-r> =tx£>fgt±iLTv> 

\zfc<mmi-Z)Zthx%Z) 0 
m^, H8a^vnliiii o*mM^xm2<Dmmmzmw-tz>o 

^■7^ l 8 «l:|UT7y K-»->!J ^ y (SiC) jjH2 30*£ 



11 



m%HD*mwmm&mz£ 9, (100) B^^^-r^nMrn^^^^^ 

tzM, tf-hmtm (Si0 2 ) , Ri6 0nm©7^K-^»I^=^ 
m&fiMG&l&tZo wOflL EMfct*^?^? ( R 1 E ".Reactive Ion E 

tching) mzL±9s himmvmtms ^m:**--**^ 
xv-vmm (s i o 2 ) 1 3, ^-msi 4*m*mmmj&'tz> ms 

A) o 

2 ^5 keV-ClX 1014 cm -2^#^^yaAt, OV^T\ R T A (Rapid 
Thermal Anneal ing) \Z X V 8 0 0t, 1 0f*©*M&a*rm\ **UCfc!K ¥ 

mW&fcl 1^®^> 81 £#0. 1 nmUU<K>^? XTlsisa V (E x t e n s 
i on) 5tfc5p«WWl 5*»B£i-*o 

B^««tt, i^53 0-5 0nmSMItW. dtf^L IJ?2 0nm(D 
^ya^SMtBI (Si0 2 ) . m$.5 0nm<DisV=>U<tM (Si 3 N 4 ) £C 

vDmc x^m^mmLtz^s ^tih^v=>mtm (sio 2 ) . ^y^s 

-fkffll (Si 3 N 4 ) &R I EUU^^s^^LT, y-htftl4©«±fc, 

(08 B) o 

v^n^v-7> (S i H 2 Cl 2 ) Vif-i^syy (C 2 H 8 Si 

x^^f^a^l 5S^-b«il4±l^ &ffl0nm<7>T 
^K-^&fcfy (S i C) &2 8£iS#ttKl±£«-r5„ *t«$*t^k*> 

rfcaMftilllSftfc (0 9 A) c 
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8 5 O c C<D&WX*n*?tz 0 :©'>!)3ylli, 4 0nm£n^ Kf:2 0nmW 

T*s»*b<, roiafcfli-cra:, 7 y K-^fb^ y = 2 8 1 y 3 1 

9©h-M©Jf^5 0nmiat^5 (121 9 B) „ 

BF2^10keV, 5 X.l 0 15 cm- 2 ©^T^tyftAU OV^ 
T\ RTAlCfc 9 8 0 0°C, 1 0#©M^lroT, y-7fi2 1, KW 
y^JSS 2 2 <757M£fr 5 £ h m& 1 4 ^<D7fWfo K— fcT^SrfT 5 „ 
^lil l^ffi^y^Uy^Ciot, Coll:20nm, 
$ bl-^^ilCT i NH^r3 0 nmitm^^^c ¥i#SfillS:5 0 

0°C, 3 0^fiMit4wi:liJ:*), ->y^>Il9iitTt^Coill 
•>D3>Il9i:^LtCoSiIMt?)o T i NiSlF*RU 

<DCoflg£tiJ8IU £ib^7 0 0°C, 3 0W^*l^!T5 o 
y*-*SH*£/ KK ^fS*KRT5^— MSl 4_L<W^iltR#Jt;:C o S i 2 JR2 

0*s^$tL5 (Ell 0) o 

^kv-l) s^KOffSWu 10-10 0 nrn<Dmmti*bm$i1rZ>Z.hftX-%Z> 
. 1 0 n m^T-efcS i ^ 0±CM$H5 U = ^K#fcte#«< 
fUfdft <9^< , 100nm^i5tTO^</ (i :^f-Ctt9o 3 0nm 

8«f:fttT7y Y-^mit^V (S i C) AII2 8<^»#W^*i/-C 
«\ ^JRv^yiM KJ&5fc&<BT=— &JRfyiM KO»**s«lfW$n, # 
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mit^v^^ (s i o m2 8mmiz, ^mm, ttrnmat^offxi/ ( 

pentadecane) (C i 5 H 3 2 )©TOiU t W^-!i V^iao«n 

JSfflLfc^£^LT^S 0 mi 1 AGUISH 3tt, ¥*#=£gO€-M5£X 
W^«i£«T^ <fc !9 % (10 0) ffiM^ttSnSm^l 

-vwrnmcomtm (s io 2 ) > iieonnKOTyK-wgi^y^y 
m^mm^-r^o rot, stt^tyx^fy^tj:^ ^tt^^-h^ 
^ H B B ^y ^>^^^^-^>-^l.t^- h^b^ (s i o 2 ) 
13. ?-hmmi izm^mmzMfc-fZ) (hua) . 

fffcld, t^j/iM, C 2 H 4 ^jE^T, 8 8 0t, 0. 5TorrO#tt 
T«fiECVDfe(^J:f9, ^ifrl^l l^y-^^/KW>^, &J;U^ 

±.\Z<D&m£ 1 nm««>!) ^»^3 8 ZMfctZo viik^V =i^j&3 

5 w tt^mt. Ll\ UMfcfllU:, zkft&, 9 0 0°C, 0. 2 T o r r , 30 

m i n% 3 s Lm^T'CVDf+y^^tt, ij««MkBtSr«mrrSi 
tdSS*bV> 0 m\\L^ x ) =>^3 8©I^lt 0. lnm^lOnmMT'I 

it (mi ib) 0 
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2 £5 k e V-Cl E 1 4 cm^lftNtyiiAL, OV^RTACi!) 8 0 

It S$^3 0~5 0nmS|«t'fc5 (Hi 2 A) „ 

Sill 2 0 nm<7»y = >8MtBI (S i 0 2 ) . Hff 5 0 nra^U 3 :/ 

M^bBI (Si 3 N 4 ) &cvDfeteJ:0«&*S**bfc&, mb'>y=^SKklR ( 

s i o 2 ) s f y =» ^teies (si 3 N 4 ) ^RiEia^yf^^tt, 

fcg&lMfcJKfclfctJI&l^Ca^ «{k'>U =^R3 8±»C BU?5 nm©7yK 
-;A>y =>yf l 9 =Sr51^6«jm*if(li-So lOl^Sli, v^nnv^^ tK 
^©iB-g-^^rffl^T, ^iECVDfefCj: «9 V JE^ 5 OTorr. 850 
"CO*#"Cff5 (Hi 2 B) „ 

Z.<D^ B F 2 &10keVT5Xl 0 15 c m~ 2 <M ^^SA oV^R 
TAtcJ;^ 8 0 on 0^OHWDfa*ffV\ J t*U::«fc?K y-7ii2 1, Ku 
^f«2 2«, fcitf^— hm@l 4^©^F#fi* K— tr^^Srtf 5. £<b 
IC, ^i/^!)y»J:ot, Col^20nm, $ fb^tfXhtCT i NflHSr 
30nm«^ o «S«11^ 5 0 0°Ct3 0tiMm 

Clfcfc:«fc!K ->^yIl9^Ul^Col2 3(i, y =* ^IK 1 9 £ 
ITCoS i 2 i20^Mt5o Z.<0% s TiN§2 4i:*K^Col2 3 

b&mm\^. ^ 7 o o^T'3 oTO^T'^s^trpc w^ss*. y— 

l N KW>f^2 2S^-HSl 4±{Cil^J&S:£ii:fcv'y =^ 
Bfl9^CoSi 2 H2 OlC^iSrimS (Ell 3) 0 

yiM Ko«itds«nw$ix. ^jsvy-y-^ K©ii^fiii5r^^§, ^o, 

&JR->y^ KO«t»Sr*S— t^fijt-etSo rojgm, fe^O^C0±#<lr«] 
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m-2^±^m^B B B SlTfeK(i, MOS h 7 V v?^^<7)llfll^l^t5 ^ i 

^/>^V^^ H B B ?rjS^ftLTV>yci^tcj:bl$?LT, »< , J.o(SJ60tO^«4fc 
r«t Ltlf IttflJ/iWMO S 



16 



Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention 
in its broader aspects is not limited to the specific 
details and representative embodiments shown and described 
herein. Accordingly, various modifications may be made 
without departing from the spirit or scope of the general 
inventive concept as defined by the appended claims and 
their equivalents. 
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WHAT IS CLAIMED IS: 

(4) BulE^«)«±^±6»$tLfcHul5i/!; = >I*£ffi£{£&i5Wt;1-5Xg£ 

( 7 ) mmm<k~> V => >mit, 0 . l 10nmffc5rt 

(8) tulS^W^^A^^-r^^mtt^t^ yyW-r>AO$Wft*s.2 
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(12) mtzmtis v => ^i^Mt, sufE^b^ D = y = >m 

x > > a ^H^c £ Jtm-t 5 xm £ 35 izffi z- ft r £ * ^ i" 5 ft 1 1 ^lEtt 

(14) Htjf5ii«$n^i/y ^>mmM*i&m.mtir%^mzffimmmt<ti 
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, HUBS' V = ^KSl/a5«E*«KTO*> y => v^ttstR^fc^j&s *tfc v — 

k w >m«t BuiE-> y => ^Bttt, ^ssnflgfe t < Mmmm 

(18) WIEi»mi«±twi6H$tL6->y a^Kfi, L< ttlEffc* 

(19) irwE^/w-v^^ASr^i-sarmtttttt, ^^^©iti^ 

2 0 jm^-%W±T*fc S £ £ $r#m £ -T SIS*^ 1 7U:fE«fttf>*N*#§£tt. 

(2 0) KrfB^/w = i>iHSr^i-S*«ttBlt4, ^;w=!)A^tii3 

(21) BufE^b-> y = fl** ^ 0 . i/j:^Li0nm-efe5:^ 
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ABSTRACT OF THE DISCLOSURE 
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PRESENT INVENTION 
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PRIOR ART 
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